Introduction
============

Obscure gastrointestinal bleeding (OGIB) is defined as gastrointestinal bleeding of unknown origin that persists or recurs despite a negative finding from an initial bidirectional endoscopy [@JR187-1]. OGIB accounts for approximately 5 % of all cases of gastrointestinal bleeding [@JR187-1] [@JR187-2]. Overt OGIB presents with proof of obvious bleeding (i. e. melena or hematochezia).

Early deployment of video capsule endoscopy (VCE) close to the occurrence of bleeding may improve diagnostic yield in OGIB patients [@JR187-3] [@JR187-4]. However, the optimal timing of VCE application in patients with overt OGIB is still unclear, and limited data are available concerning the usual history of overt OGIB, including early diagnosis, proper management, and clinical outcomes [@JR187-5]. More information is needed to perform VCE appropriately. Moreover, few studies have investigated only overt OGIB, and no data are available with regard to the superiority of VCE performed within 2 days of the last OGIB with respect to diagnostic yield and clinical outcomes.

Therefore, this study primarily aimed to demonstrate the high diagnostic yield of VCE performed within 48 hours after the last overt OGIB. The secondary objective was to assess its benefits with respect to therapeutic intervention rate and length of hospital stay.

A previous series showed that OGIB lesions are found mostly in the small bowel [@JR187-6]. VCE is an invaluable modality for investigating the small bowel. It enables the exploration of the whole small bowel in about 85 % of patients [@JR187-7], and its diagnostic yield ranges from 38 % to 83 % [@JR187-8]. Therefore, VCE is a crucial diagnostic method for OGIB [@JR187-9] [@JR187-10] [@JR187-11]. Earlier studies demonstrated that VCE has a higher diagnostic yield when investigating OGIB than other endoscopic and radiological modalities [@JR187-10] [@JR187-12]. The early precise diagnosis of overt OGIB can lead to the administration of an appropriate specific intervention, better outcomes, and reduce unnecessary medical interventions and financial expense from other diagnostic modalities and procedures required to define the exact bleeding lesion. Although some studies report better outcomes from the early deployment of VCE in overt OGIB patients [@JR187-13] [@JR187-14] [@JR187-15], the optimal timing of VCE application is unclear, particularly in patients with obvious bleeding but with hemodynamic stability.

Patients and methods
====================

Patients
--------

The subjects of this study were patients with overt OGIB who underwent VCE to determine the bleeding source. We conducted a single-center retrospective study at the Korea University Medical Center Anam Hospital enrolling patients who had undergone VCE for overt OGIB between April 2004 and February 2014. VCE was performed on 509 patients during this period. After excluding VCEs performed for other symptoms such as anemia and recurrent diarrhea as well as the evaluation of abdominal pain, 94 VCE (18 %) procedures performed for overt OGIB in patients with negative bidirectional endoscopy and hemodynamic stability were included. We collected the following pre-VCE data from the patients: sex; age; co-morbidity; anticoagulant use, including aspirin, warfarin, and nonsteroidal anti-inflammatory drugs (NSAIDs); duration of hospital stay owing to overt OGIB; type of small-bowel preparation; hemoglobin level; and amount of blood transfusion. Specific therapeutic interventions were performed on the basis of VCE findings, including therapeutic colonoscopy, esophagogastroduodenoscopy, deep enteroscopy, interventional radiology, and surgical procedures.

The patients were divided into two groups: those who underwent VCE within 2 days of the last overt OGIB (\< 48-h group) and those who underwent VCE more than 2 days after the last overt OGIB (\> 48-h group). This selection was established through a preliminary analysis of our records and review of previous studies. We compared the diagnostic yield, therapeutic intervention rate, length of hospital stay, and bleeding recurrence between the groups. This study was approved by the institutional review board of our institution (IRB No. ED 14073).

Video capsule endoscopy
-----------------------

VCE (PillCam SB and SB2, Given Imaging Ltd, Yokneam, Israel) was performed at bedside or outpatient clinic. Before the procedure, 2 or 4 L of polyethylene glycol was administered for small-bowel preparation. VCE images were reviewed by experienced gastroenterologists (K.B. and K.Y.S.) within 12 -- 24 hours after the completion of the procedure using RAPID version 6 software (Given Imaging Ltd). Images were reviewed at a rate of 8 -- 20 images per second. VCE findings were classified as either significant or non-significant. If lesions were the possible source of bleeding, they were considered clinically significant. This includes active bleeding, angiodysplasia, ulcer, diverticulum (with stigmata of recent bleeding), small-bowel tumor, or bleeding outside the small bowel (i. e. stomach or colon). Blood clots were considered to be a positive finding. Lesions such as venous ectasia, erythematous mucosa, erosion, enteritis, and small non-bleeding polyps were considered to be non-significant findings.

Statistical analysis
--------------------

Descriptive statistics were calculated to summarize the demographic and baseline characteristics of the patients. Traditional analytical statistics such as means, standard deviation, and percentages were used. VCE findings categorized by time group were analyzed using the *χ* ^2^ test, Fisher exact test, or *t* test where appropriate. In all tests, the level of significance was set at *P* \< 0.05. All statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, United States).

Results
=======

Patient characteristics
-----------------------

A total of 112 patients underwent VCE for overt OGIB. After excluding 18 patients lacking medical records, a total of 94 patients who underwent VCE after a negative findings on bidirectional endoscopy were analyzed ([Fig. 1](#FI187-1){ref-type="fig"}). The demographic characteristics of the patients are shown in [Table 1](#TB187-1){ref-type="table"}. Twelve patients (12.7 %) were regularly consuming oral anticoagulant agents or NSAIDs. Melena and hematochezia were observed in 44 (46.8 %) and 50 patients (53.2 %), respectively. The mean minimum hemoglobin concentration was 9.49 ± 2.26 g/dL, and the mean amount of blood transfusion before VCE was 1.82 ± 1.87 units.
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###### Characteristics of patients who underwent video capsule endoscopy for overt obscure gastrointestinal bleeding.

                          Inpatients    Outpatients
  ----------------------- ------------- -------------
  Capsule endoscopy, n    79            15
  Age, mean ± SD, years   54.5 ± 18.7   49.1 ± 21.4
  Sex, male/female        49/30         12/3
  Anticoagulant, n         6             1
  NSAIDs, n                4             1
  Melena, n               41             3
  Hematochezia, n         38            12

SD, standard deviation; NSAIDs, nonsteroidal anti-inflammatory drugs.

The median duration between onset of overt OGIB and VCE was 4 days (range: 1 -- 50 days).

The VCE findings are presented in [Table 2](#TB187-2){ref-type="table"}. The positive diagnostic yields of VCE among inpatients and outpatients were 53.2 % and 33.3 %, respectively, but the difference was not statistically significant (*P* = 0.06). The overall positive yield of VCE was 48.9 % (46 cases); these cases were predominantly active bleeding and angiodysplasia (19/46, 41.3 %).

###### Video capsule endoscopy findings.

                                    \< 48-h group(n = 30)    \> 48-h group(n = 64)   *P* value
  -------------------------------- ------------------------ ------------------------ -----------
  Positive finding, n (%)          20 (66.7)                26 (40.6)                0.019
   Active bleeding, n (%)           6 (20)                   1 (1.6)                 
   Angiodysplasia, n (%)            4 (13.3)                 8 (12.5)                
   Ulcer, n (%)                     6 (20)                  11 (17.2)                
   Diverticulum, n (%)              1 (3.3)                  2 (3.1)                 
   Tumor, n (%)                     3 (10)                   2 (3.1)                 
   Non-small-bowel lesion, n (%)    0                       2 (3.1)                  

Regarding the baseline characteristics and co-morbidity status of the \< 48-h and \> 48-h groups, there was no statistically significant difference with respect to anticoagulant or NSAID use. Moreover, there were no statistically significant differences in the minimum hemoglobin level or amount of blood transfusion. The incidence rates of diabetes mellitus, renal disease, hypertension, and liver cirrhosis were also comparable between the two groups.

The diagnostic yields of VCE to detect the cause of bleeding in the \< 48-h and \> 48-h groups were 66.7 % (20/30) and 40.6 % (26/64), respectively (*P* = 0.019; [Table 2](#TB187-2){ref-type="table"}).

We analyzed the rates of active bleeding and angiodysplasia lesions because of their clinical significance as indications for therapeutic intervention. Active bleeding was observed in 20 % (6/30) and 1.6 % (1/64) of the patients in the \< 48-h and \> 48-h groups, respectively. Angiodysplasia was observed in 13.3 % (4/30) and 12.5 % (8/64) of the patients in the \< 48-h and \> 48-h groups, respectively. The diagnostic yields for active bleeding and/or angiodysplasia were 33.3 % and 14.1 % in the \< 48-h and \> 48-h groups, respectively (*P* = 0.030). The diagnostic yields for detecting active bleeding and/or angiodysplasia decreased as time elapsed after the last overt OGIB ([Fig. 2](#FI187-2){ref-type="fig"}). The decrease in diagnostic yield with time in the \> 48-h group was strengthened by the lower rates of active bleeding and/or angiodysplasia in the \> 48-h group.
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The diagnostic yield of VCE was 33.3 % in the outpatient group, which is similar to that in the \> 48-h group. Furthermore, the diagnostic yield for active bleeding and/or angiodysplasia in the outpatient cohort was 13.3 %, which is comparable to that in the \> 48-h group (14.1 %).

Specific therapeutic interventions were performed in 26.7 % (8/30) of the patients in the \< 48-h group: 1 therapeutic colonoscopy for clipping of angiodysplasia, 1 therapeutic esophagogastroduodenoscopy with ulcer coagulation, 2 radiologic interventions including selective embolization on active bleeding, and 4 surgical interventions for small-bowel tumors (n = 2) or Meckel\'s diverticulum (n = 2). In comparison, only 9.4 % (6/64) of the patients in the \> 48-h group underwent therapeutic intervention (*P* = 0.028; [Table 3](#TB187-3){ref-type="table"}); interventions included surgical intervention for a small-bowel tumor (n = 1), ileal ulcer (n = 4), and jejunal angiodysplasia (n = 1). Three capsules were retained in the small bowel, one of which required surgical intervention.

###### Video capsule endoscopy outcomes.

                                          \< 48-h group    \> 48-h group   *P*value
  -------------------------------------- ---------------- ---------------- ----------
  Therapeutic intervention rate, n (%)   8 (26.7)         6 (9.4)          0.028
  Rebleeding rate, n (%)                 3 (10)           7 (10.9)         0.60

The length of hospital stay was analyzed using the inpatient data. It decreased significantly at 5 days in the \< 48-h group (95 % confidence interval \[CI\], 4.8 -- 7.7) and at 7 days in the \> 48-h group (95 %CI, 6.9 -- 10.1; *P* = 0.039; [Fig. 3](#FI187-3){ref-type="fig"}). The mean amount of blood transfusion did not differ significantly between the groups (2.17 ± 1.89 vs. 1.66 ± 1.85 units in the \< 48-h and \> 48-h groups, respectively; *P* = 0.23). These results show that the severity of overt OGIB in both groups did not affect the therapeutic intervention rate or length of hospital stay.

![ Length of hospital stay (days) for the \< 48-h and \> 48-h groups.](10-1055-s-0034-1391852-i187ei3){#FI187-3}

During follow-up after VCE placement, 10 patients were hospitalized owing to rebleeding (10.6 %). The rebleeding rate did not differ significantly between the two groups (*P* = 0.60; [Table 3](#TB187-3){ref-type="table"}). The VCE findings of these patients included angiodysplasia (n = 4), ulcer (n = 2), tumor (n = 1), active bleeding without definite lesion (n = 1), and normal (n = 2). During the initial visit for overt OGIB, one of these patients was treated with endoscopic clipping, and surgical intervention was performed in another patient. However, the other eight patients did not receive therapeutic interventions.

Discussion
==========

VCE performed within 2 days of the last overt OGIB resulted in a higher diagnostic yield (66.7 %). In particular, the diagnostic yields for active bleeding and/or angiodysplasia were significantly higher in the \< 48-h group than in the \> 48-h group. Although this result is in line with previous studies [@JR187-3] [@JR187-4], there is no report about the efficacy of VCE application with a 48-h cutoff performed after normal bidirectional endoscopy in overt OGIB patients with hemodynamic stability.

VCE is an advanced technique for directly imaging the gastrointestinal tract [@JR187-16]. Its high diagnostic yield and relatively low invasiveness make it an attractive diagnostic option for patients with OGIB [@JR187-9] [@JR187-17] [@JR187-18]. Although the diagnostic yield of VCE ranges from 38 % to 83 % in OGIB [@JR187-8], and early VCE examination may result in higher diagnostic yield [@JR187-3] [@JR187-4], the optimal timing for VCE deployment in overt OGIB patients remains controversial. In addition, there are no clear guidelines for, or mention of, the appropriate timing of VCE application in overt OGIB in the literature.

The high diagnostic yield of VCE performed within 2 days from the last overt OGIB in the present study corroborates the findings of previous studies performed in patients with overt OGIB. Singh et al. [@JR187-14] reported a higher overall diagnostic yield when VCE was performed within the first 3 days after the onset of overt OGIB; they found that the yield to identify active bleeding gradually decreased each day after hospitalization. However, it is noteworthy that the diagnostic yield could be better when VCE is applied earlier than 3 days after overt OGIB with regard to bleeding sequence, which has a trend to naturally stop with time.

The present findings show that VCE performed within 2 days of the last OGIB (i. e. closer to onset) enabled physicians to achieve higher diagnostic yields. This result is corroborated by Yamada et al. [@JR187-3], who investigated 90 patients with overt OGIB; in their study, VCE determined the origin of bleeding in 46 patients (51 %), with diagnostic yields of 73 %, 48 %, 50 %, and 35 % in the first, second, third, and fourth quartiles, respectively. These results indicate a need to simplify diagnostic work-up and perform VCE earlier in overt OGIB patients.

It is often difficult to perform VCE strictly within 2 days in patients with overt OGIB occurrence. In the present study, the time to VCE varied greatly (1 -- 50 days). There are several possible reasons for the time delay of VCE, such as protracted observation at an outside clinic or hospital, intermittent occurrence of overt OGIB symptoms, and various diagnostic procedures before VCE. However, taking these results into account, the time delay could make it more difficult to define the bleeding lesion in patients with overt OGIB.

Small-bowel preparation was usually performed with 2 or 4 L of polyethylene glycol. When VCE was performed 1 day after the last overt OGIB occurrence, it could be successfully performed 2 h after polyethylene glycol administration. If bowel preparation for total colonoscopy had already been performed for the evaluation of bleeding, further bowel preparation was unnecessary.

Similar to previous studies [@JR187-3] [@JR187-14] [@JR187-15], the present study revealed a significantly greater rate of specific therapeutic interventions in the \< 48-h VCE group. VCE deployment within 2 days of the last overt OGIB after the patient had undergone bidirectional endoscopy with a negative result could afford a higher diagnostic yield and allow for the immediate administration of appropriate therapy. This would consequently improve treatment outcomes in overt OGIB patients. Regarding the length of hospital stay, this was approximately 28.6 % shorter in the \< 48-h VCE group. This time-related benefit of deploying VCE within 2 days of the last OGIB could save a substantial amount of national healthcare resources.

Our study showed that rebleeding occurred in 10 patients after the initial visit. Four of them presented angiodysplasias, which have been shown to be predictive factors of unfavorable clinical outcome [@JR187-19]. Regarding the patients who showed rebleeding, angiodysplasia occurred in 66.7 % and 14.3 % of patients in the \< 48-h and \> 48-h groups, respectively. Angiodysplasia often presents a multifocal character and a significant rebleeding rate, even when these patients are treated endoscopically [@JR187-20] [@JR187-21].

The present study has some limitations. First, it has a retrospective design. However, we enrolled all consecutive patients with overt OGIB who received VCE in our hospital. In addition, the treatment process was standardized for all patients with overt OGIB in our gastrointestinal bleeding unit. These factors collectively reduce the drawbacks of the retrospective study design.

In conclusion, VCE performed within 2 days of the last overt OGIB after a negative bidirectional endoscopic finding achieves a high diagnostic yield in 66.7 % of patients, leading to therapeutic intervention in 26.7 % as well as reducing the length of hospital stay by 28.6 %. These results indicate that VCE may play a crucial diagnostic role when performed close (i. e. \< 2 days) to the onset of overt OGIB. Performing VCE within 2 days could improve the management of these patients by allowing for a more rapid, appropriate, and cost-effective therapeutic plan.
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